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Abstract

Background: There is conflicting evidence regarding the success of the Maze procedure to restore sinus rhythm in
patients with rheumatic heart disease. Hence, the aim of our study was to describe the results of surgical ablation for
atrial fibrillation in patients with rheumatic heart disease undergoing cardiac surgery.
Methods: This is a retrospective study that included adult patients with rheumatic heart disease who underwent

surgical ablation for atrial fibrillation. The ablation lesions were performed using monopolar radiofrequency ablation in
all patients.
Results: Fifty-seven consecutive patients were included in the study. Cox Maze IV was performed in 44 patients (77%),

while left-sided surgical ablation was performed in 10 patients (17%) and pulmonary vein isolation in 3 patients (5%).
The percentage of patients who were in sinus rhythm on discharge, at 1-month, at 3-months, 6-months and 12-months
follow up were 56%, 54%, 52%, 56% and 46% respectively. Complete heart block occurred in 21 patients (44%), but only
15 of them (26%) required permanent pacemaker insertion. Freedom from composite endpoint of death, stroke, and
readmission for heart failure was 78% at one-year follow up.
Conclusion:Despite the suboptimal rates of sinus rhythm at the intermediate and long term follow up, surgical ablation

of atrial fibrillation in patients with rheumatic heart disease should continue to be performed. Continuation of Class III
antiarrhythmic medications and early intervention for recurrent atrial fibrillation is crucial to the success of this pro-
cedure and for maintenance of higher rates of sinus rhythm at intermediate and long-term follow up.

Keywords: Atrial fibrillation, Ablation, Cox maze procedure, Rheumatic

1. Introduction

A trial fibrillation (AF) is prevalent in 45%e60%
of patients with rheumatic heart disease

(RHD) [1]. The effect of preoperative AF on reduced
survival of patients undergoing cardiac surgery has
been documented in many studies [2,3,4]. Restora-
tion of sinus rhythm (SR), on the other hand, has
been shown to improve survival in those patients
[5,6].
However, the success of the Cox Maze procedure

to restore SR in patients with RHD is limited with

conflicting evidence. While some studies reported
less satisfactory results in patients with RHD
than patients with non-RHD [7], with a progres-
sively decreased cure rate in the long term [8],
others showed favorable results in patients with
RHD during mitral valve surgery [9,10]. These
controversial results could be attributed to the
variations in Maze techniques using different le-
sions [11].
Hence, the aim of our study was to describe the

results of our standard protocol for treating AF in
patients with RHD undergoing cardiac surgery.
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2. Methods

2.1. Study design and data collection

This retrospective study was conducted at a ter-
tiary cardiac center. It included all adult patients
with RHD above or equal to 18 years who under-
went surgical AF ablation procedures from 2015 to
2020. Data were collected from electronic medical
records, including patients’ demographics, preop-
erative, operative and postoperative characteristics
as well as follow up data. All ECGs were retrieved
from the central electronic data of the non-invasive
laboratory and reviewed for the purpose of this
study. The Institutional Review Board approved the
data collection of this study, and they waived the
need for patients' consent because of the retro-
spective nature of the study.

2.2. Surgical technique

Our standard protocol for AF ablation is to perform
left atrial (LA) surgical ablation (SA) or pulmonary
vein isolation (PVI) for patients with paroxysmal AF,
and Bi-atrial (BA) ablation (Cox Maze procedure) for
patients with persistent or permanent AF. The BA SA
lesions were performed according to the Cox Maze
IV lesion set [12] using monopolar radiofrequency
ablation (RFA) in all patients with persistent or per-
manent AF. All lesion sets were repeated three times
to establish transmurality until a clear ablation line is
observed in the atrial wall.
Left atrial appendage (LAA) was transfixed using

interrupted U-shape mattress sutures using 4e0
Prolene. We did not use LAA occlusion clip
because it is not available in our institution and we
avoid the continuous purse string suture technique
because it is associated with high rate of recanali-
zation. All patients were started on a loading dose
of Intravenous (IV) Amiodarone infusion then
shifted to oral Amiodarone if their heart rate was
above 80 beats per minute regardless of the rhythm
(starting intra- or postoperatively). Patients with
heart rate below 80 beats per minute were not
started on any anti-arrhythmic medications to
avoid significant bradycardia. All patients
(including those with tissue or mechanical valves)
were anticoagulated within 48 h with IV heparin for
bridging, followed by oral warfarin for three
months, then continued indefinitely if still in atrial
fibrillation or if they had mechanical valves.
Patients were followed routinely postoperatively at
1-month, 3-months, 6-months and 12-months pe-
riods then yearly after.

2.3. Statistical analysis

Patients' characteristics were reported using mean
and median values for continuous variables and
proportion values for categorical variables.
KaplaneMeier curve was used to plot the freedom
from the composite endpoint. Statistical analysis
was performed using Stata 16.1 (Stata Corp- College
Station- TXeUSA).

3. Results

3.1. Patients’ demographics and clinical
characteristics

Fifty-seven consecutive patients were included in
the study, of which 35 (61%) were females. Eleven
patients (19%) had a preoperative history of stroke.
Thirteen patients (23%) had Paroxysmal AF, 22
(39%) had permanent AF, and 22 (38%) had persis-
tent AF. The predominant lesion was severe mitral
stenosis (MS) in 25 patients (44%), severe mitral
regurgitation (MR) in 23 patients (40%), severe
aortic stenosis (AS) in 7 patients (12%), and severe
aortic regurgitation (AR) in 2 patients (3%). Pulmo-
nary hypertension was predominant in our cohort
(89%) and two thirds of the patients (67%) had

Abbreviations

AF atrial fibrillation
AR aortic regurgitation
AS aortic stenosis
BA biatrial
CAD coronary artery disease
COPD chronic obstructive pulmonary disease
EDD end-diastolic diameter
ESD end-systolic diameter
FU follow up
HF heart failure
IV intravenous
LA left atrial
LAA left atrial appendage
LV left ventricle
MR mitral regurgitation
MS mitral stenosis
MVR mitral valve replacement
PAP pulmonary artery pressure
PPM permanent pacemaker
PVI pulmonary vein isolation
RFA radiofrequency ablation
RHD rheumatic heart disease
RV right ventricle
SA sinu-atrial
TR tricuspid regurgitation
TVr tricuspid valve repair
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moderate to severe tricuspid regurgitation (TR). The
patient demographics and clinical characteristics are
shown in Table 1.

3.2. Operative data

Cox Maze IV (BA SA) was performed in 44
patients (77%), while LA SA was performed in 10
patients (18%) and PVI in 3 patients (5%). Closure of
LAA was performed in 39 patients (68%). Majority of
patients underwent double valve procedure (67%).
The commonest valve procedure was mitral valve
replacement (MVR) that was performed in 41 pa-
tients (72%), followed by Tricuspid valve repair
(TVr) (37 patients, 65%). Additional non-valvular
procedures were performed in 16% of the cases.
Operative data are shown in Table 2.

3.3. Postoperative complications

Thirty-one patients (54%) were in SR on the first
postoperative day and continued in SR until
discharge. Conduction abnormalities occurred in
21 patients (45%), but only 15 of them (26%)
required permanent pacemaker (PPM) insertion.
Only one patient (2%) developed perioperative
stroke, and in-hospital mortality occurred in one
patient (2%). Other postoperative data are illus-
trated in Table 3.

3.4. Follow up data

The median follow up (FU) period was six
months (25th- 75th percentile: 1e12 months). Dur-
ing this period, three new patients (5%) developed
stroke (all were in the AF group), six patients (11%)
were readmitted with heart failure (HF), and mor-
tality occurred in 2 patients (4%). Freedom from
composite endpoint of death, stroke, and read-
mission for HF was 78% at one-year FU (Fig. 1).
Patients who were discharged in SR continued with
the same rhythm during the first 6 months of FU
period (Fig. 2). The percentage of patients who
were in sinus rhythm on discharge, at 1-month, at
3-months, 6-months and 12-months FU were 56%,
54%, 52%, 56% and 46% respectively. The per-
centage of patients with paced rhythm increased
gradually over the FU period while the junctional
rhythm rate decreased gradually. Additionally,
there was an incremental trend in the percentage of
atrial fibrillation after the 6th month of FU. There
was an increase in the use of B-Blockers over the
FU period, with a decrease in the use of Amiodar-
one and constant use of calcium channel blockers
(Fig. 3).

4. Discussion

Treating AF in RHD patients represents a real
challenge to surgeons due to the low success rate
and the high rate of late recurrence in those pa-
tients, as previously reported in multiple studies

Table 1. Preoperative data.

(n ¼ 57)

Age (years) 49 (46e58)
Female 35 (61%)
Saudi nationality 27 (47%)
Hypertension 29(51%)
Peripheral vascular disease 2 (4%)
COPD 3 (5%)
Smoking 6 (11%)
Chronic kidney disease 5 (9%)
Stroke 11 (19%)
Transient ischemic attack 1 (2%)
Diabetes mellitus 14 (26%)
Type of AF

Paroxysmal
Permanent
Persistent

13(23%)
22 (38.5%)
22 (38.5%)

CAD 8 (14%)
Primary valve lesion

Mitral stenosis
Mitral regurgitation
Aortic stenosis
Aortic regurgitation

25 (44%)
23 (40%)
7 (12%)
2 (3%)

Tricuspid regurgitation
No
Mild
Moderate
Severe

7 (12%)
12 (21. %)
19 (33.5%)
19 (33.5%)

LV function
Normal
Mildly depressed
Moderately depressed
Severely depressed

39 (68%)
7 (13%)
7 (13%)
4 (6%)

Pulmonary hypertension
(mean PAP more than
25 mm Hg)
PAP (mmHg)

51 (89%)
55 (45e60)

LA size (cm) 5.2 (4.7e5.6)
ESD (cm) 3.2 (2.9e3.8)
EDD (cm) 4.9 (4.4e5.4)
RV function

Normal
Mildly depressed
Moderately depressed
Severely depressed

39 (69%)
8 (14%)
6 (10%)
4 (7%)

RV dilatation
No
Mild
Moderate
Severe

35 (61%)
10 (18%)
4 (7%)
8 (14%)

We presented continuous data as median (25th- 75th percentiles)
and categorical data as frequencies and percentages.
(COPD: chronic obstructive pulmonary disease, CAD: coronary
artery disease; RV: right ventricle, EDD: end-diastolic diameter,
ESD: end-systolic diameter, LA: left atrium, LV: left ventricle,
PAP: pulmonary artery pressure).
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[7,8]. However, even with the less favorable con-
version rate compared to non-rheumatic patients, it
is still compelling to perform surgical ablation in
this group of patients to avoid the risks of long-
term anticoagulation and the deleterious conse-
quences of long-standing AF on heart function. We
showed in our study that 54% of patients converted
to SR immediately postoperatively and maintained
SR during the first 6 months of FU. Other studies
have shown similar results with variations in con-
version rates between 40 and 75% over one-year FU

[10,13,14]. The results of ablation for long standing
AF in patients with rheumatic valve disease espe-
cially when combined with MV surgery were
shown to be inferior to patients with lone AF or AF
with non-rheumatic heart disease with freedom
from AF recurrence ranging between 40 and 65%
only [15,16]. However, most of these studies that
showed higher rates of sinus rhythm in this
group of patients (65e80%) in the mid-term follow
up used additional ablation procedures and
utilized chemical cardioversion for AF when
discovered during FU [17,18,19]. This may explain
the low rate of sinus rhythm in our patients during
mid-term FU since we did not follow these
strategies.
It has been demonstrated that paroxysmal AF

originates from the pulmonary veins [20] and thus,
in patients with this condition, a left atrial lesion set
incorporating pulmonary vein isolation with or
without additional lesions is generally sufficient. In
those with more persistent forms of AF, triggers and
reentrant circuits originating in the right atrium are
thought to be responsible, and in these patients a
right atrial lesion set is generally added [21]. This
was the rationale for our strategy of performing LA
SA or PVI for patients with paroxysmal AF, and BA
SA for patients with persistent or permanent AF.
The performance of LA SA or PVI was also advo-
cated to decrease the number of lesions in order
facilitate surgical ablation during minimally inva-
sive surgery. Another advantage for left sided
ablation techniques is to avoid the conduction ab-
normalities associated with BA SA. Although some
authors have shown similar success rate of LA SA
and PVI to BA SA [22,23], many studies have shown
that left sided ablation procedures are inferior to BA
SA in patients with long standing permanent or
persistent AF and could result in a higher recur-
rence rate [24,25,26,27].
Multiple risk factors were suggested for AF

recurrence in RHD patients, including body mass
index, early AF recurrence [13], increased LA
diameter, use of unipolar radiofrequency [14],
longer AF duration, preoperative persistent or per-
manent AF, immediate postoperative AF, LA SA
alone for persistent AF [28] and patient's age [29].
One of the important issues to overcome in

ablating AF in RHD patients is the thickness of the
atrial wall that is caused by fibrosis and degenera-
tion of the atrial myocardium that has been impli-
cated in the pathophysiology of disturbance of
impulse propagation leading to AF in those patients
[30]. This finding was confirmed by left atrial map-
ping studies demonstrating extensive left atrial
scarring of diverse patterns [31]. In our study, we

Table 3. Postoperative data.

(n ¼ 57)

Complete Heart Block 21 (45%)
Permanent Pace Maker (PPM) 15(26%)
Renal failure 26 (47%)
Max creatinine (mmol/L) 160 (140e190)
Stroke 1 (2%)
Re-exploration for bleeding 5 (9%)
Sternal wound infection 4 (7%)
Duration of MV (hours) 11 (7e15)
ICU stay (days) 6.5 (3e8)
Hospital stay (days) 12 (8e15)
Pericardial effusion 9 (16%)
Cardiac tamponade 3 (5%)
Hospital mortality 1 (2%)

We presented continuous data as median (25th- 75th percentiles)
and categorical data as frequencies and percentages.

Table 2. Operative data.

(n ¼ 57)

Mitral valve replacement
Mechanical
Tissue

41 (72%)
12 (30%)
28 (70%)

Mitral Valve size 29 (27e31]
Mitral valve repair 13 (23%)
Aortic valve replacement

Mechanical
Tissue

13 (23%)
4 (31%)
9 (69%)

Aortic valve Size 22 (21e23)
Tricuspid valve repair 37 (65%)
No. of valves replaced/repaired

1
2
3

15 (26%)
38 (67%)
4 (7%)

Coronary artery bypass grafting 5 (9%)
Left atrial appendage closure 39 (68%)
Redo operation 7 (12%)
Ascending aorta replacement 1 (2%)
Atrial septal defect closure 3 (5%)
Type of ablation

Bi-atrial
Left Atrial
Pulmonary vein isolation

44 (77%)
10 (18%)
3 (5%)

Intraoperative amiodarone 3 (5%)
Cardiopulmonary bypass time (minutes) 183 (155e217)
Cross Clamp time (minutes) 151 (125e182)

We presented continuous data as median (25th- 75th percentiles)
and categorical data as frequencies and percentages.
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repeated the lesion lines 3 times to ensure trans-
murality, especially in the thick atria involved with
the rheumatic process. Some studies showed that
unipolar RF can achieve comparable rates of SR
after 1-year follow up to bipolar ablation indepen-
dent of cardiac surgical procedure and of type of AF
[32]. On the other hand, other studies showed that
the use of bipolar ablation is superior to the uni-
polar surgical ablation of patients undergoing mitral
valve surgery [33].

Another critical issue in maintaining SR post
ablation is the continuation of antiarrhythmic medi-
cations during follow up visits. In our study, we
showed an increase in recurrence of AF after six
months; at the same time, the use of Amiodarone, as
an antiarrhythmic medication, was decreasing with
an increase in the use of B-blockers, which works
more on rate control than rhythm control. Since this
is a retrospective study, it is difficult to tease out
whether cardiologists who were following those

(AF: atrial fibrillation)
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Fig. 2. Follow up rhythm. (AF: atrial fibrillation).

Fig. 1. Freedom from Composite endpoint of death, stroke, and readmission for heart failure.
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patients stopped Amiodarone because they do not
have a clear protocol for how long to continue anti-
arrhythmicmedications resulting in recurrence of AF
or the patient had AF during their FU visits that led
the cardiologists to follow the rate control strategy
using B-Blockers. Either way, it is very important to
educate our patients and their treating cardiologists
on the importance of continuing class III antiar-
rhythmic medications on the intermediate and long-
term FU. Ad N et al. [17] also recommended that
careful follow up with antiarrhythmic drugs and/or
cardioversion was required for the treatment of AF
associated with RHD to enhance its success rate.
We also noticed in our study the high rate of

conduction abnormalities post AF ablation
requiring PPM insertion. Similarly, high rate of
conduction abnormalities was reported by the
CTSN investigators [34,35]. This could be related to
the use of BA ablation in the majority of our patients
that has been shown to be associated with high
incidence of SA node dysfunction [36]. The inci-
dence of SA node dysfunction post Maze procedure
is more common in patients with long standing
persistent atrial fibrillation especially when com-
bined with MV surgery [37,38].
Although the percentage of patients with SR was

only 54% post-ablation, it did not result in a high
risk of stroke during the follow up period. We think
that the LAA closure in most of our patients had an
additional stroke prevention benefit, as shown pre-
viously in multiple studies [39,40].
To our knowledge, this is the first report of the

results of surgical ablation for atrial fibrillation in

Saudi Arabia. One of the strengths of our study was
the standardization of our protocol, where all pro-
cedures were performed by the same surgeon,
using the same technique, same energy source
(RFA) and the same set of lesions for each type of
AF.

5. Clinical implications

To our knowledge, this is the first report of the
results of surgical ablation for atrial fibrillation in
Saudi Arabia. Our findings support the perfor-
mance of atrial fibrillation ablation in rheumatic
heart disease patients going for cardiac surgery.
However, our data showed an early discontinuation
of class III antiarrhythmic medications that may
have resulted in a lower rate of sinus rhythm at
intermediate and long-term follow-up. Close FU
and early management of AF recurrence is crucial
for maintenance of sinus rhythm.

6. Limitations

The main limitation of the study is the retrospec-
tive design. The small number of patients is another
limitation that did not allow further analysis of the
factors leading to ablation failure or recurrence of
atrial fibrillation in RHD patients. The use of uni-
polar radiofrequency ablation in this study may
limit generalizability to bipolar ablation or ablation
using other energy sources. Additionally, 24hr-hol-
ter ECG was not performed during postoperative
follow up visits. Another limitation is the lack of
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Fig. 3. Follow up anti-arrhythmic medications.
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comparison of outcomes to the group of patients
that did not have concomitant SA.

7. Conclusions

Despite the suboptimal rates of sinus rhythm at
the intermediate and long term follow up, surgical
ablation of atrial fibrillation in patients with rheu-
matic heart disease should continue to be per-
formed. Continuation of Class III antiarrhythmic
medications and early intervention for recurrent
atrial fibrillation is crucial to the success of this
procedure and for maintenance of higher rates of
sinus rhythm at intermediate and long-term follow-
up. Further studies are needed to investigate the
high rate of conduction abnormalities in rheumatic
heart disease patients and optimize the ablation
techniques to minimize such risk.
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